Background: A high prevalence of obstructive sleep apnea (OSA) has been reported in medically refractory epilepsy patients, and there is increasing evidence that treatment of OSA in refractory epilepsy patients would reduce seizure frequency. Objective: Studying the frequency of occurrence of OSA in a group of refractory epilepsy patients, compared to a matched group with medically controlled epilepsy. Methods: Sixty patients with epilepsy, 30 patients with controlled epilepsy (group I), and 30 patients with refractory epilepsy (group II) were included. All patients underwent overnight polysomnogram and sleep EEG and completed Sleep Apnea Sleep Disorders Questionnaire (SASDQ). All patients had normal general and neurological examination. Results: The frequency of OSA was found to be 10% in patients with controlled epilepsy, while its frequency in patients with refractory epilepsy was found to be 16.7%, yet this was statistically insignificant. In addition, O 2 desaturation nadir was higher in group II, compared to group I with no statistical significance. In the controlled epilepsy group, we found that older patients tend to have higher Apnea-Hypopnea Index (AHI). Moreover, it was found that older subjects, with early onset of epilepsy, and longer duration of the illness tend to have higher AHI in group II. Conclusion: There is an association between refractory epilepsy and OSA, especially regarding O 2 desaturation during sleep. In addition, older age, early onset of epilepsy, and longer duration of illness are independent risk factors for the OSA in patients with refractory epilepsy.
Introduction
It is noted that obstructive sleep apnea (OSA) coexists with epilepsy (in 10% of adult epilepsy patients, 20% of children with epilepsy, and up to 30% of drug-resistant epilepsy patients) [1] . The potential mechanisms underlying the probable association between OSA and increased seizure frequency could be related to changes in sleep architecture, intermittent hypoxia, or sleep deprivation [2] . Therefore, it is not surprising that treatment of OSA may decrease seizure frequency [3] .
In the present study, we aim at studying the frequency of occurrence of OSA in a group of refractory epilepsy patients, compared to a matched group with medically controlled epilepsy.
Material and methods
This cross-sectional, retrospective study was carried out on 60 adult epileptic patients treated at Ain Shams University Hospitals. Subjects provided informed consent prior to the participating in any study-related activities. This study was approved by the ethical committee of the Faculty of Medicine, Ain Shams University. Patients' age ranged from 18 to 57 years old. They were diagnosed on clinical and electroencephalography (EEG) basis according to the 1989 classification and terminology of the International League Against Epilepsy (ILAE) [4] . All subjects had normal neurological and general examination. Subjects were divided into two groups: group (I) included 30 patients with controlled epilepsy, controlled on medical treatment, and have ≤ 1 seizure/month, and group (II) included 30 patients with refractory epilepsy, defined as persistence of seizures, more than one seizure a month, after trials of at least two antiepileptic drugs (AEDs) with maximally tolerated doses sequentially or in combination, and duration of AED treatment of at least 2 years [5] .
We excluded patients having seizures secondary to drugs, infection, neoplasia, demyelination, degenerative diseases, or metabolic disease. We also excluded patients with medical illnesses affecting their sleep pattern (as chronic liver disease, hypothyroidism), patients with history of OSA prior to the diagnosis of epilepsy or drug intake that could affect sleep such as hypnotics or sedatives, and patients who recently discontinued their AEDs. In addition, we excluded patients with narcolepsy and any other primary sleep disorder requiring intervention with medication and potentially affecting the results of the study. Subjects were able to withdraw from the study at any time. Reasons for early withdrawal included development of a clinically relevant change in medical condition, consent withdrawal, and lack of transportation, as participation required an overnight stay in the sleep laboratory.
Subjects underwent an overnight polysomnography (PSG) with electroencephalography (EEG) recording for at least 6 h using a Nihon Kohden Neurofax-1200 EEG/ PSG system (Tokyo, Japan). We used 18 channels for EEG, 2 channels for electro-oculography, 1 channel for each chin electromyography, and 4 channels for legs electromyography. We also used a naso-oral thermistor and nasal pressure transducer to monitor airflow and piezo-electric belts for thoracic and abdominal efforts, in addition to ECG, pulse oximetry, snoring, body position, and video recordings. We followed the American Association of Sleep Medicine Scoring Manual to perform sleep staging and event scoring [6] . We tallied apneas and hypopneas to derive the Apnea-Hypopnea Index (AHI), which is the number of respiratory events per sleep hour. Patients having an AHI > 5 were identified as having OSA. OSA severity is defined as mild for AHI > 5 and < 15, moderate for > 15 and < 30, and severe for AHI > 30 [7] .
All subjects answered Sleep Apnea Sleep Disorders Questionnaire (SASDQ) [8] , a 12-item validated measure of sleep-related breathing disorders, for the screening of apnea before proceeding to polysomnography, based on variables including loud snoring, age, body mass index, tobacco use, and hypertension. Total score ranges from 0 to 60. In the original validation, cutoffs of 32 or higher for women and 36 or higher for men correlated well with having a diagnosis of OSA by PSG. Cutoffs of 26 or higher for women and 29 or higher for men were found to correlate better with PSG in epilepsy patients [9] .
Subjects underwent a structured interview ascertaining sleep and wake patterns, nighttime behaviors, and sleep disorder symptoms [10] . Medical history and epilepsy history, including epilepsy type, management, and seizure frequency, were also taken.
Statistical analysis
Data were collected, coded, and entered to a personal computer IBM compatible. The data were analyzed with the SPSS version 11.0.1 (Statistical Package for the Social Sciences, Chicago, USA). Descriptive statistics were displayed as mean ± standard deviation (SD) for continuous data. Student's t test used for comparison of parametric data between the independent groups, Pearson's correlation coefficient (r) test to indicate correlation between different variables, and the chi-square test for comparison of qualitative data. The level of statistical significance (p value) was set at 0.05.
Results
The demographic data for both groups are shown in Table 1 . There were no significant age, gender, or BMI differences between controlled and refractory epilepsy patients.
The O 2 desaturation nadir and frequency of OSA were more in patient with refractory epilepsy versus those with controlled epilepsy; however, this difference was found to be statistically insignificant ( Table 2) .
We found that three out of five refractory epilepsy patients with OSA (60%) and two out of three patients in the controlled epilepsy group with OSA (66.7%) had mild OSA. Regarding moderate OSA, we got two out of five refractory epilepsy patients (40%) and one patient (33.3%) of the medically controlled epilepsy group. Thus, refractory epilepsy patients tended to get higher degrees of apnea, compared to the medically controlled epilepsy patients, which tended to show milder forms. However, this was not significant statistically.
AHI was found to be higher in patients with refractory epilepsy and OSA, who showed also more decrease in the O 2 level during sleep, compared to the controlled epilepsy group with OSA ( Table 3) .
Compared with medically controlled patient with OSA, patients with refractory epilepsy and OSA had their first seizure at a younger age, with a longer duration of epilepsy. We found that patients with OSA in the refractory epilepsy group were taking a higher number of AEDs than those in the controlled epilepsy group, which was statistically significant (Table 4) . Patients with medically refractory epilepsy and OSA reported more frequent sleep complaints, specifically excessive daytime somnolence (EDS), and this was statistically significant (Table 5 ). Snoring also was reported more frequently in those with refractory epilepsy than patients with medically controlled epilepsy, yet this was not statistically significant.
Compared to well-controlled epileptic patients with no OSA, those with OSA were found to be older (47.3 ± 15.9 versus 27.1 ± 8.2 in patients without OSA) and with higher BMI. Yet, there was no statistical significance in gender distribution. In addition, we found delayed age of onset of epilepsy in patients with OSA as compared to those without OSA (41.66 ± 14.7 versus 22.1 ± 8.3; respectively), and this was statistically significant. Regarding sleep symptoms, patients with OSA in group I reported more frequent sleep symptoms than those without OSA. Snoring was the most common symptom reported among those patients (66.7%) and again this was statistically significant (Table 6) .
We did not find any statistical significance regarding gender distribution and BMI among those with or without OSA in the refractory epilepsy group. Patients with OSA had significantly delayed age of onset of epilepsy compared with patients without OSA (20.2 ± 3.4 versus 15.48 ± 6.2; respectively). Moreover, patients in the refractory group with OSA showed significantly longer duration of epilepsy compared to those without OSA (14.8 ± 6.2 versus 7.56 ± 5.3; respectively). As expected, patients having OSA have greater SASDQ score, which was statistically significant. All patients suffering from OSA in the refractory epilepsy group reported sleep symptoms in the form of EDS and snoring, which was also statistically significant (Table 7) .
Reviewing the correlations between AHI and variables of interest in patients with medically controlled epilepsy, it was found that age is a significant independent risk factor of having OSA in the controlled epilepsy group (p value = 0.023). On the other hand, reviewing the correlations between AHI and variables of interest, as age of onset, duration of epilepsy, and BMI, in subjects with refractory epilepsy, it was found that these variables are significantly independent factors in determining patients with OSA (Table 8) .
Discussion
Epilepsy and OSA are two common disorders that can coexist and profoundly exacerbate each other [11] . Studies showed that patients with epilepsy are at higher risk for apnea than the general population, due to sedentary lifestyle or the effects of AEDs on OSA [1] . Moreover, OSA is underdiagnosed particularly in epileptic patients [12] . Prevalence of sleep apnea in epileptics varies in literature, ranging from 20% up to nearly 60% [13] .
Sleep fragmentation in OSA which causes increased sleep stage transitions, sleep deprivation, cerebral hypoxemia, decreased cardiac output, and cardiac arrhythmias can facilitate interictal epileptiform spikes and precipitate epileptic seizures, whereas the latter can induce apneas [14] [15] [16] .
There have been several studies showing improvement of epileptic seizures with treatment of OSA, where more than half of these patients showed improvement in seizure frequencies independent from AED changes [17] [18] [19] . Positive airway pressure, positional therapy, or upper airway surgery reduces obesity and blood pressure and improves cognition, mood, and daytime sleepiness, which in turn reduced seizures in 40-86% of people with epilepsy and OSA [20, 21] . There is report of direct effect of CPAP on reducing the interictal spikes and therefore potentially reducing epileptogenicity [22] .
Our findings support previous studies that show a higher percentage of OSA in epilepsy patients compared to the general population [23] [24] [25] . Increased sleep apnea in the refractory group is agreeing with previous studies. In a study by Malow and colleagues, the prevalence of OSA was 30% in intractable epilepsy group and 10% of unselected adult epilepsy group [1] . Another study by Zanzmera and colleagues showed that the prevalence of OSA was 20% in refractory epilepsy versus none in medically controlled group [26] . However, we did not find a statistically significant higher OSA rate in refractory versus controlled epilepsy patients, which is in accordance with a study by Li and colleagues [25] . The reason for low prevalence in our study can be attributed to difference in patients' selection as other studies included only the patients who complained of sleep disorders where higher prevalence of OSA is suspected, whereas in our study, we aimed to investigate OSA in epileptic patients regardless the presence of sleep complaints. However, more reasons need to be explored in the future [21] .
Our study is the first Egyptian study, to our knowledge, to compare sleep-related clinical data associated with OSA, between controlled and refractory epilepsy groups. In refractory epilepsy patients with OSA, we found significantly frequent sleep disturbance symptoms and younger age of seizure onset compared with patients with medically controlled epilepsy and OSA, which is in accordance with other studies [25, 26] .
About 40% of our refractory epilepsy patients with OSA showed O 2 desaturation to critical levels (below 70%), which may question the causes of Sudden Unexplained Death in Epileptic Patients (SUDEP) especially in refractory epilepsy patients. SUDEP represents the main cause of death in patients with refractory epilepsy [27] . Cardiac arrhythmias, respiratory dysfunctions, and dysregulation of systemic or cerebral circulation have been suggested as potential pathophysiological mechanisms. Moreover, clinical data suggest that SUDEP occur preferentially during sleep [28] . In our study, we hypothesize that these apneic events, with this severe desaturation may help to unravel the epileptogenesis of SUDEP, and this is in accordance to a previous study by Dominici and colleagues [29] . Thus, better understanding the role of apnea and epilepsy in the spectrum of SUDEP may help to clarify the epileptogenesis of this syndrome.
Few previous studies have assessed the risk factors for OSA in an epilepsy population. They showed that patients with epilepsy and OSA tend to be older, with higher BMI, more frequently males, and sleepier than epileptic patients without OSA [30] . Foldvary-Schaefer and colleagues in 2012 found that traditional OSA risk factors of older age, higher BMI, and male gender were predictive of OSA in epilepsy patients [24] . Abad-Alegria and colleagues in 1997 found that those with OSA were more likely to be males, with higher BMI and a history of snoring, witnessed apnea, and nocturnal seizures [13] . Li and colleagues reported higher BMI, snoring, sleep disturbance symptoms, and younger age of seizure onset in refractory epilepsy patients with OSA versus patients with controlled epilepsy with OSA [25] .
In addition to these factors, we found also that subjects with OSA and medically controlled epilepsy have experienced the first seizure at a later age, which was shown before in different studies [25, 30, 31] . Those with refractory epilepsy and co-existing OSA were older, with older age of onset of epilepsy, and longer duration of epilepsy as compared to those without OSA. However, they were not with higher BMI compared to the non-apneic patients, indicating that the occurrence of apnea in medically refractory epilepsy patients is independent on the weight of the patients, and thus, other factors should be considered: as the age of the patient, the duration of the illness, and the age of onset of the epilepsy, which may play role in the pathogenesis of the disease.
In our study, we found that age is an independent risk factor of having OSA in the controlled epilepsy group. Thus, older patients tend to have higher AHI. On the other hand, it was found that age of patients, age of onset of epilepsy, and duration of epilepsy are all independent factors in determining patients with OSA in the refractory epilepsy group. We found that younger subjects, with early onset of epilepsy, and longer duration of the illness tend to have higher AHI. Thus, other factors should be considered in patients with refractory epilepsy and not only the traditional risk factors of the OSA, which may play role in the pathogenesis of the disease. Excessive daytime somnolence and snoring are the most common complaints of OSA patients; however, we found that self-reported EDS were not helpful in predicting OSA in medically controlled patients, and this is in accordance with the study of Foldvary-Schaefer and colleagues in 2012 [24] , possibly related to a ceiling effect of general sleepiness among epilepsy patients from diverse causes.
We studied patients referred to the adult epilepsy clinic regardless of their sleep problems. The included patients were not biased toward any sleep-related complaints.
Finally, our findings should be viewed more as hypothesis-generating and will require larger studies. Nevertheless, we hope that our results will prompt an increased routine screening of epileptic patients for sleep-related disorders.
Conclusion
There is an association between refractory epilepsy and OSA, especially regarding O 2 desaturation during sleep. In addition, older age of the patient, early onset of epilepsy, and longer duration of illness are independent risk factors for the OSA in patients with refractory epilepsy.
Recommendations
More studies exploring individual clinical and polysomnographic details of sleep including a larger number of subjects in different subsets of medically refractory epilepsy patients are needed to be conducted, in future, to see if these results can be generalized to all refractory epilepsy patients. We recommend performing PSG in all of these patients suspected to have apnea or unexplained daytime somnolence, and before attributing sleep disorders in epilepsy to the disease itself, clinicians should consider the possibility of underlying disorders. 
